Phase structure, dielectric properties, and relaxor behavior of ( K 0.5 Na 0. 
BaTaO 2 N of ideal perovskite average structure type 1 is reported to exhibit an extremely high bulk dielectric permittivity ͑ϳ4900 at 300 K͒, 2 reminiscent of the values seen in BaTiO 3 near its para to ferroelectric phase transition. 3 Unlike BaTiO 3 , however, BaTaO 2 N does not exhibit a cubic paraelectric to tetragonal ferroelectric phase transition anywhere within a very wide temperature range ͑its average crystal structure is metrically cubic with a lattice parameter that varies smoothly from 4 K right up to 1200 K͒ 1,2 nor the strongly temperature-dependent changes in dielectric permittivity that occur in the vicinity of this transition in the case of BaTiO 3 .
3 Rather, the extracted bulk dielectric permittivity of BaTaO 2 N shows only a relatively moderate temperature dependence ͑ϳ1140 ppm K −1 ͒, over the limited temperature range for which the dielectric permittivity has been measured ͑from 180 up to 300 K͒.
2 Again, unlike BaTiO 3 , the as measured dielectric constant and dielectric loss of BaTaO 2 N are frequency dependent.
2 This behavior, when coupled with the presence of probable local O 2− / N 3− structural disorder, 4-6 is rather more reminiscent of the behavior of relaxor ferroelectrics such as Ba͑Ti 1−x Sn x ͒O 3 , x ജ 0.17. 7 While there are severe practical problems associated with the sinterability 2 of BaTaO 2 N, a very high, only moderately temperature dependent, dielectric permittivity is a potentially extremely useful property and its crystal chemical understanding of considerable importance.
1,2, [4] [5] [6] Attention, to date, 2,4-6 has focused heavily on local O 2− / N 3− ordering and associated induced off-center Ta displacements, giving rise to nanoscale "…polar octahedral units…".
2 Relaxor ferroelectric behavior has long been attributed to similar polar nanoregions ͑PNRs͒. [8] [9] [10] [11] First principles calculations on BaTaO 2 N ͑Ref. 4͒ predicting Ta-N bonds to be shorter on average than Ta-O bonds appear consistent with extended x-ray-absorption fine structure ͑EXAFS͒ experiments 5, 6 which find that the nearest neighbor Ta to anion radial distribution function exhibits "…a broad bimodal peak… indicating a low symmetry coordination environment around Ta…" 6 The problem with linking the dielectric properties of BaTaO 2 N directly with off-center Ta shifts induced by local O 2− / N 3− ordering, however, is that such compositional disorder ͑and associated polar behavior͒ is presumably frozen up until high temperature and hence not available to switch sign under the action of an applied electric field. Rather, the PNR's primarily responsible for the dielectric behavior of BaTaO 2 N should arise from inherent ͑i.e., not fundamentally dependent on chemical disorder͒ cooperative displacive disorder. 12 We have recently observed direct evidence for such behavior in a range of doped BaTiO 3 relaxor ferroelectric systems 13, 14 in the form of transverse polarized, 15 ͕001͖ * sheets of diffuse intensity runnning through all parent perovskite Bragg reflections G. This has prompted the current careful electron diffraction reinvestigation of BaTaO 2 N to see if the same behavior might also occur and what this might mean for our understanding of the dielectric properties of BaTaO 2 N.
Metrically, cubic BaTaO 2 N, a = 4.1125͑4͒ Å, was synthesized by an ammonolysis reaction, as described previously.
2 Electron diffraction patterns ͑EDP's͒ were collected using a Philips EM 430 transmission electron microscope. Figure 1 shows the ͑a͒ ϳ͓010͔, ͑b͒ ϳ͓−2,11,0͔, and ͑c͒ ͓−1,4,0͔ zone axis EDPs typical of BaTaO 2 N. Note that there is a complete absence of diffuse intensity very close to the exact ͓010͔ orientation ͓see Fig. 1͑a͔͒ . However, on tilting no more than a few degrees away from the exact ͓010͔ orientation keeping an ͗001͘ * systematic row excited, the presence of quite characteristic, transverse polarized diffuse streaking becomes immediately apparent. This diffuse streaking runs through parent perovskite Bragg reflections G perpendicular to the ͗001͘ real space directions forming essentially continuous G Ϯ ͕001͖ * sheets of diffuse intensity. The transverse polarized [13] [14] [15] nature of this characteristic diffuse distribution is clear from its strong azimuthal intensity variation and shows that the observed ͕001͖ * sheets of diffuse intensity necessarily arise from the correlated longitudinal motions of ions along the ͗001͘ real space directions. The absence of diffuse streaking at the exact ͗010͘ zone axis orientations ͓see Fig. 1͑a͔͒ is a characteristic of such systems and arises because of the lack of transverse correlation from one ͗001͘ column to the next ͑e.g., in the ͓010͔ orientation, the neighboring ͓001͔ correlated columns of atoms project on top of one another; the average displacements in projec-tion are then zero, and so, there can be no corresponding observed diffuse streaking͒. Finally, note the characteristic variation in diffuse intensity from one G Ϯ ͕001͖ * sheet to the next which shows that the individual q = ͗0kl͘ * modes of distortion responsible for the observed diffuse scattering are inherently polar in nature, e.g., the h / 6 ͗610͘ * + ␥͗001͘ * , h odd, diffuse streaking in Fig. 1͑b͒ or the h / 4 ͗410͘ * + ␥͗001͘ * , h odd, diffuse streaking in Fig. 1͑c͒ is more intense than the h even diffuse streaking. This characteristic intensity variation requires that the Ta ion at 000 and the disordered O / N anion above it at 1 2 , 0,0 ͑along the polar ͗100͘ directions͒ necessarily shift in opposite directions along ͗100͘ for all q, as shown schematically in Fig. 1͑d͒ ͑see Refs. 13 and 14 for more details͒.
Essentially identical, transverse polarized, ͕001͖ * sheets of diffuse intensity are characteristic not only of BaTiO 3 -doped relaxor ferroelectrics 13, 14 but, most significantly, also of BaTiO 3 itself, [16] [17] [18] [19] where compositional ordering can have no role to play in the existence of the structured diffuse distribution. This strongly suggests that the correlated polar atomic displacements responsible for the observed structured diffuse in such systems, including BaTaO 2 N, must all have an underlying intrinsic crystal chemical origin not primarily related to any compositional ordering of either cations or anions.
The correlation length along the individual 1D chain directions of these polar atomic displacements ͓see Fig. 1͑d͔͒ essentially corresponds to one over the half width at half maximum height of the ͕001͖ * sheets of diffuse intensity. This is difficult to measure from electron diffraction data such as that shown in Figs. 1͑a͒-1͑c͒ but is clearly no less than 3 -4 nm along the ͗001͘ direction. While one could, in principle, envisage a minimum of ϳ8 -10 unit cell long-NTa-N-strings embedded in even longer-O-Ta-O-strings along a particular ͗001͘ direction which might be compatible with an individual G Ϯ ͕001͖ * sheet of diffuse intensity, 14 the diffraction evidence also strongly suggests that there is no correlation between different ͗001͘-type strings ͑otherwise, one would observe a three-dimensional structured diffuse distribution rather than the observed 1D sheets of diffuse intensity͒. Thus, the probability of, e.g., a local TaO 6 coordination polyhedron would cause enormous local strain and is so unlikely that it can be ruled out as a realistic possibility. Note that this does not mean that local O / N ordering does not occur ͑indeed, the recently reported neutron PDF study of BaTaO 2 N "…favors a cis configuration of… ͑local͒ … TaO 4 N 2 polyhedra…"͒, just that it cannot be responsible for the observed structured diffuse distribution. The 1D PNRs cannot therefore be directly related to O / N ordering and associated induced Ta displacements.
What then is the underlying crystal chemical origin of these 1D correlated displacements ͑1D PNRs͒ in the case of BaTaO 2 N? If we assume the ideal parent perovskite structure for BaTaO 2 N ͑Pm −3m, a = 4.1125 Å; Ta at 000, Ba at often used to quantify residual bond strain, [20] [21] [22] 22 Empirical experience suggests the same. 20, 21 The question now becomes: Can this residual bond strain be relieved? i.e., how can G ii 2 , or the total energy, be minimized?
Note that the Ba ion is very significantly overbonded and the Ta ion significantly underbonded. By contrast, the O anion is slightly overbonded and the N anions very slightly underbonded. Any displacement of the Ba ion away from the centre of its ideal 12-fold coordination environment can only increase its already significant overbonding. 21 Therefore, the Ba ions will strongly resist any such displacement, i.e., it is not possible to significantly reduce G ii 2 by reducing the Ba contribution to it. Of the remaining contributions to G ii 2 , the underbonding of the Ta ion contributes ϳ87% and it is clear that the reduction of this underbonding is the predominant driving force for the off-center displacement of the Ta ions, the observed diffuse distribution, and the 1D PNRs, not local O / N ordering and associated induced Ta displacements.
The Ta ions can significantly improve their underbonding by moving a distance Ta a directly toward one neighboring anion ͑whether O or N͒ along each of the individual ͗001͘ directions ͓see, e.g., Fig. 1͑d͔͒ . Simultaneously, the anion ͑subscript A in what follows͒ will move toward the incoming cation a distance A a. ͑Note that this latter shift will very slightly increase all 12 Ba-O bond distances from a ͱ 1 2 to a ͱ͑ 1 2 + A 2 ͒ and hence simultaneously very slightly reduce the over bonding of the Ba ions. This, however, is very much a second order effect.͒ Because the anion toward which the Ta moves is already essentially happily bonded, the Ta ion on the other side of this anion must simultaneously move away from the incoming Ta ion, i.e., the pattern of induced displacements must necessarily be correlated along the ͗001͘ chain directions, i.e., the "modulation" is essentially long range ordered along the ͗001͘ chain directions ͓see Fig. 1͑d͔͒ . Note, however, that there is no requirement from the bond valence point of view for this 1D displacement pattern to be correlated from one chain to the next in the transverse direction, just as is observed experimentally in the form of essentially continuous G Ϯ ͕001͖ * sheets of diffuse intensity ͑see Fig. 1͒ . Given that these chains run along all three ͗001͘ directions simultaneously, the Ta-anion distances then split into two with r 1,2 = a ͱ͕͓ The existence of the 1D ͗001͘ PNRs implied by the ͕001͖ * sheets of diffuse intensity in BaTaO 2 N materials thus are not induced by the local O / N distribution but rather are intrinsic to the fundamental underlying crystal chemistry of the material. Nonetheless, given that O is likely to be slightly more overbonded than N after the addition of the 1D PNRs ͓see above and Fig. 1͑d͔͒ , there remains scope for the Ta adjusting their positions within each "octahedra" slightly depending on the type ͑cis or trans͒ and orientation of the local O 4 N 2 coordination polyhedra. ͑The magnitude of any such additional induced Ta shifts, however, is likely to be rather small and hence unlikely to give rise to an observable second type of structured diffuse distribution.͒ This will give rise to local strain dependent on the exact O / N distribution.
If the O / N ordering does not "induce" the PNRs, then what is the role of the chemical disorder? We suggest 13, 14 that its role is to set up random local strain fields suppressing transverse correlations of the inherent ͗001͘ chain dipoles ͓see Fig. 1͑d͔͒ and the development of a long range ordered ferroelectric state. Theoretical calculations have shown that homogeneous strain distortion plays a critical role in the stabilization of the low temperature ferrolectric phases of BaTiO 3 . 24, 25 It would not then be surprising if essentially random local strain distortions induced by the local O / N distribution would suppress the condensation of long wavelength homogeneous strain distortions of the unit cell, thereby suppressing transverse correlations of the ͗001͘ chain dipoles and the development of a long range ordered ferroelectric state. 
